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Abstract.  It is widely accepted that quantum wells with potential profiles lacking inversion symmetry will exhibit spin-split 
conduction band states due to the Rashba spin-orbit interaction. Here we measure conduction band splitting for undoped 
asymmetric and symmetric GaAs/AlGaAs quantum wells in the absence of electric fields. Surprisingly the conduction band 
spin-splitting measured in asymmetric quantum wells is no greater than that measured in symmetric quantum wells. This is a 
consequence of Ehrenfests theorem and the fact that the conduction and valence band edge profiles are related by a constant 
factor. 
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INTRODUCTION 
The Rashba spin-orbit splitting [1] of the 
conduction band in a quantum well due to asymmetry 
in the structure allows control of electron spin 
orientation and lifetime and is central to spintronic 
technologies. Control of spin lifetimes through 
symmetry breaking electric fields has been 
demonstrated [2] however there has been little work on 
asymmetric potentials when there is no electric field 
present. Here we investigate the Rashba conduction 
band spin splitting in (100) and (110) quantum wells 
with asymmetry resulting from alloy engineering.   
THEORY 
The total spin-splitting can be represented by an 
effective magnetic field Ω [1,3], the magnitude and 
direction of which depends on the electron 
wavevector. To measure Ω we exploit the fact that the 
dominant spin relaxation mechanism for electrons in 
undoped GaAs/AlGaAs quantum wells is the 
Dyakonov-Perel [4] mechanism for which the spin 
relaxation rate along a particular axis is given by; 
 
1/τs=<Ω2>τp*    (1) 
where <Ω2> is the mean squared perpendicular 
component of Ω and τp* is the momentum relaxation 
time for an electron. We obtain the rms conduction 
band spin-splitting by measuring both the spin 
relaxation rate and the scattering time. 
EXPERIMENTS 
Our samples were GaAs\AlGaAs quantum wells 
grown as pairs by MBE on (100) and (110) substrates. 
One pair was symmetric each with 7.5nm GaAs wells 
and 12nm AlGaAs barriers. The other pair was 
asymmetric and each consisted of 5 repeats of a 12nm 
AlGaAs barrier, 8nm well, followed by a 30nm graded 
region where the aluminium content was increased 
from 0.04 to 0.4. 
 
The relaxation rate for spins aligned along the growth 
axis of the samples was measured using a time-
resolved Kerr rotation technique [5]. Any asymmetry 
along the growth axis induces a component of Ω in the 
quantum well plane and will therefore be detectable as 
an increase of spin relaxation rate. We used a transient 
spin grating technique to obtain the electron spin 
diffusion coefficient and thereby the electron 
scattering time [6]. 
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RESULTS 
Figure 1 is a plot of the measured electron 
scattering times for the different samples. Within the 
uncertainties they follow a common T-1 temperature 
variation (see solid line). This is the expected variation 
for a non-degenerate 2D electron system where 
phonon scattering dominates [7].  
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FIGURE 1.  The measured electron scattering time. 
 
Figure 2 shows the rms component of conduction band 
spin-splitting perpendicular to the growth axis for the 
different samples obtained by combining the electron 
spin relaxation rate and scattering time (eq.1). The 
spin-splitting has been normalised by the electron 
quantum confinement energy to account for 
dependence of the spin lifetime on the quantum well 
width [8,9]. The higher values in (100) samples are 
due to the presence of a fixed in-plane component due 
to the asymmetry of the zinc-blend crystal structure in 
addition to any Rashba contribution. In the (110) 
samples the Rashba is the only in-plane component. It 
is clear that for both the (110) and (100) quantum 
wells there is no significant additional spin-splitting 
due to the asymmetry. 
DISCUSSION AND CONCLUSION 
 We conclude that asymmetric alloy composition in 
GaAs/AlGaAs quantum wells does not produce a 
significant Rashba spin splitting of the conduction 
band. This may be understood  theoretically and 
generalised as follows [10]. First Ehrenfest’s theorem 
demands that the expectation value of the potential 
gradient of the conduction band for the electron states 
be zero. Second, it has been demonstrated that the 
conduction band spin splitting is determined by the 
expectation value of the valence band potential 
gradient with the conduction electron wavefunctions. 
Therefore since, in any alloy system such as 
GaAs/AlGaAs where the valence band gradient is 
simply a constant factor times that of the conduction 
band, it follows that the spin-splitting should also 
vanish. A measurable Rashba spin splitting requires 
the breaking of this ‘congruence’ of the band edges, 
For example by application of a real electric field from 
external bias or internal distribution of dopants or by 
incorporation of an asymmetrically positioned layer of 
a third semiconductor. 
100 150 200 250 300
1E-6
1E-5
1E-4
 
 
 Asymmetric (110)
 Symmetric (110)
Symmetric(100)
Asymmetric (100)
S
pi
n-
sp
lit
tin
g/
(C
on
fin
em
en
t e
ne
rg
y)
Temperature  (K)
FIGURE 2.  Normalised conduction band spin splitting 
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